Middle school girls as "experts" to elementary students: A coding trial.
The objective of this "work is progress" is to allow middle school girls to become the "experts", rather than the students, in computer science and engineering outreach. The hypothesis is that leading outreach will cause middle school girls to self-identify in STEM while acting as role models for the younger students. Although the number of women in STEM fields has been steadily growing, this has not been true in computer science. Over the past 20 years, the percentage of women earning computer science degrees has decreased from 28% to 18%.
i This is a problem not only because these women are missing out on a lucrative career, but also because society is losing the diversity required to solve complex problems in the world.
ii Previous work on both the recruitment and retention of females in STEM fields has focused on two main themes: the desire to make a difference and the stereotypes held about STEM professionals. The National academy reported that words like "Making a difference" and "engineering is essential to our health, happiness and safety" are more appealing to women and minorities.
i Similarly, Cheryan et al. report that "The work in computer science and engineering is seen as isolating and relatively dissociated from communal goals such as helping society and working with others"
ii In addition when asked how to describe an engineer or computer scientist, children will mention males, nerds, glasses, and a lack of interest in outdoor activities.
ii Some young girls do not identify with these role models and therefore decide early in life not to pursue a STEM field.
iii One of our authors noticed that this was starting to occur for her daughter in middle school. Although her daughter loved learning computer coding in 7 th grade, there was no way for her to use this to help others. In the meantime her friends were enjoying getting involved in local community events that helped other people. While programs like Girls who Code iv can mitigate these impacts by having the girls work on socially relevant projects, these programs put the girls into a role of receiving, not of teaching.
The hypothesis of this work in progress paper is that if middle school girls take on the role of teacher to elementary school children, they will feel more like experts. This in turn will allow them to more strongly identify in STEM fields while providing role models to younger children. An additional benefit of these activities is that the elementary teacher can learn from the middle school students and see new ways to bring engineering into the classroom. Here we will discuss the first attempt to accomplish this with two 8 th grade female students going to a 4th grade classroom to teach code.org, Java Script from Khan academy and coding with a coding mouse. We will discuss how these activities were designed and implemented and make suggestions about further assessment and expansion of the program.
Materials and Methods
We used readily available materials for this outreach program. This includes buying a coding mouse and using free websites to learn coding language.
Coding Mouse: We used the Learning Resources STEM Code & Go Robot Mouse Activity Set. This set is sold for $50 -$60 and is shown in Figure 1 . 
Information about students and sessions.
The leaders of the outreach activities were one 4 th grade teacher and two 8 th grade female students, Lauren and Jessica. The 4 th grade class contained 25 students with 11 female students and 14 male students. There were 5 sessions that lasted for 45 minutes each and the sessions took place during the last period of the school day. Each student already had a chromebook to use for these sessions. The teacher uses Google classroom. The middle school students were bused from the middle school and had to make up the work they missed.
Connecting middle school students with teachers.
The two middle school girls were interested in reaching out to the elementary school to share what they were learning in coding in the middle school. After reaching out to the elementary school principal, they put together a one page proposal about their ideas. The principal then connected them with the elementary enrichment teacher who then connect them with a 4 th grade teacher. They scheduled two planning meetings and together they put a plan together about the activities that would work best with the students and the time that would best fit in the school day. They planned for five sessions of 45 minutes each. During sessions 2 -5, the students were divided into two groups. One group worked with the teacher and one middle school student on Khan Academy. The other group worked with the other middle school student on the coding mouse. Halfway through the session the groups switched. These sessions are detailed below.
Description of Sessions:
Session 1: Introduction to Coding and Code.org Goal: To assess stereotypes of coders held by the 4 th graders, to introduce the students to what coders do and to teach them basic coding with Code.org.
1. The teacher asked the elementary students to draw what they think a "coder" looks like on a white index card. The students then spoke with their neighbor about their drawing and reasoning behind it. With teacher assistance, students taped their index card onto one half of a large poster board. The teacher asked some students to share. 2. The middle school students explained what coders do through a slideshow presentation. 3. The elementary students logged into www.code.org vi and complete the first three puzzles on Classic mode with middle school students assisting (10 -15 minutes). 4. The middle school students introduced the two projects they will be working on during the next four sessions: 1) Java Script on Khan Academy and 2) Go Robot Mouse.
Session 2 -5 for Khan Academy: Introduction to JavaScript including Color Background and making rectangles, circles and coloring and outlining their shapes. Goal: To show students how a coding language can be used to create a picture in Java Script. Below we describe the commands that they were taught to create a picture like Figure 2 .
1. The students opened their chromebooks and logged into Khan Academy. Then they selected computer programming and scrolled down and selected New JavaScript Program.
vii 2. The middle school students showed them how to make a color background using background (red,green,blue) . Then they showed them how to change the color while explaining that the three numbers represent (red, green, blue). For example if they use the numbers background (148, 218, 235) ; they will get a blue color as shown in Figure 2 . 3. Next they showed them how to code a rectangle and circle with rect (x,y,width,height); and ellipse(x,y,width,height) ; Most students made the circle into a sun. 4. Students were shown the fill code: fill (red,green,blue) ; and it was explained that the fill command needs to go before the shapes commands. 5. In this session the students learned about outlining shapes with the stroke command (stroke(red,green,blue);) to color the outline of the shape. 6. The students were then taught the command strokeWeight(thickness); This command determines the thickness of the outline. 7. At the end of each session the students were given time to experiment on their own. 
